determinant of risk, but relatively little is known about the causes of the disease, and what produces the high prevalence observed in Mexican Americans remains largely speculative.
The most consistent evidence for a genetic basis for gallbladder disease comes from the observed differences in prevalence across populations-differences that are not explained readily by any known environmental risk factors, including obesity, parity, oral contraceptive use, and diet (van der Linden, 1980) . Evidence for a genetic basis is especially strong for Native Americans and their related groups, for some of whom prevalence has been estimated to be as high as 50% (Sampliner et al., 1970) . Not only does prevalence of gallbladder disease appear to be high in Native American groups throughout the Americas (Diehl, 1991; Weiss et al., 1984) , but the distribution of the disease is consistent with the distribution of Native American genes: Prevalence is lowest in whites and African Americans, it is highest in Native Americans, but it is intermediate in admixed populations, such as Mexican Americans (Hanis et al., 1986) . The observation that the pattern of disease distribution seems to follow the pattern of Native American gene distribution provides further support for the possibility of a genetic basis to the disease in Native and Mexican Americans.
In most previous studies on the genetic epidemiology of gallstones, family history of the disease has been taken to represent genetic susceptibility (Gilat et al., 1983; Hanis et al., 1985; Jorgensen, 1988 ; Rome Group for Epidemiology and Prevention of Cholelithiasis, 1988; van der Linden and Lindelof, 1965; van der Linden and Simonson, 1973; Wheeler et al., 1970) . These studies have found fairly consistently that there is some association between family history and gallstones.
Because gallstones have been associated with ethnic background, genetic admixture can also be used as a proxy for genetic susceptibility to the disease. In populations with high prevalence of gallstones, in fact, admixture may be more useful than family history in detecting an association between genetic susceptibility and gallbladder disease: The use of family history to seek evidence of familial aggregation may prove futile if the genes of interest are already present in most of the population (Knowler et al., 1984) .
Genetic admixture has been measured in several epidemiologic studies in Native and MexicanAmerican populations Gardner et al., 1984; Knowler et al., 1988; Stern et al., 1992) , generally with the objective of showing that greater Native American admixture is associated with diabetes, gallstones, or obesity-health outcomes that together form a constellation of diseases called the ''New World Syndrome'' (Weiss et al., 1984) . In the three studies that have specifically examined the relationship between Native American admixture and gallbladder disease, a variety of techniques have been used to measure admixture, including skin reflectance, reported ancestry, and genetic markers (Hanis et al., 1986; Knowler et al., 1984; Mitchell et al., 1993) . Although all three found higher prevalence of gallbladder disease in subjects with the most Amerindian heritage, none could demonstrate any clear and consistent trend of increasing prevalence with increasing Amerindian heritage.
Another method of measuring admixture makes use of the GM and KM immunoglobulin antigen system. GM allotypes are found on the ϒ heavy chain of immunoglobulin G (IgG), specifically, subclasses IgG1 and IgG3, whereas KM allotypes are found on the ϒ light chain of Ig. The highly polymorphic GM system has been used successfully in previous admixture studies, because the differences in parental frequencies for some haplotypes are large (Knowler et al., 1988; Long et al., 1991) , thus yielding more precise estimates of admixture (Williams, 1994) . Although the frequency of haplotype GM*F B0,1,3,4,5 is as high as 67% in the Caucasian population, for example, it is virtually nonexistent in Native Americans (Williams et al., 1985) . For this reason, the GM immunoglobulin system is perhaps among the most powerful for deriving accurate estimates of genetic admixture.
We used data from the Hispanic Health and Nutrition Examination Survey (HHANES) to address the hypothesis that greater Native American admixture is associated with higher prevalence of gallbladder disease among Mexican Americans. The objective of our study was twofold: 1) to use GM and KM systems to measure genetic admixture proportions of Mexican Americans who participated in the HHANES and 2) to compare admixture proportions of Mexican Americans with and without gallbladder disease.
MATERIALS AND METHODS

Study population
The data used for this study are from the HHANES, a cross-sectional survey that was designed to assess the health status of the Hispanic American population in the United States. The design and sampling procedures used in the HHANES have been described in detail (National Center for Health Statistics, 1985) . Briefly, the survey followed a four-stage sampling scheme that was designed to represent the civilian, noninstitutionalized, Hispanic population in the United States over the age of 6 months. Mexican Americans were selected from populations residing in Texas, New Mexico, Arizona, Colorado, and California. The survey period lasted from 1982 to 1984.
Data collection methods included personal interviews, physical examinations and anthropometric measurements, and various diagnostic tests and laboratory analyses. Personal interviews were conducted at home by trained interviewers in either English or Spanish. Study participants were then asked to schedule appointments at a Mobile Examination Center, where they underwent a physical examination, a diet and health interview, and various diagnostic tests. A random halfsample of individuals between the ages of 20 years and 74 years was also invited to receive a gallbladder ultrasound. Of 2,360 Mexican Americans invited, 1,388 (59%) ultimately received the ultrasound and provided usable results.
Cases were defined as subjects who had gallstones or who had had their gallbladders surgically removed, as indicated by ultrasound. Gallstones were diagnosed according to standard criteria by using real-time ultrasonography administered by health technicians trained in ultrasonography of the gallbladder region. Details of the diagnostic methods have been published previously (Maurer et al., 1989) .
Measurement of genetic admixture
Ig allotyping for GM, AM, and KM markers was performed, as described previously (Schanfield and Fudenberg, 1975; Schanfield and Polensky, 1975) , by using the reagents listed in Table 1 . Of 1,388 individuals with usable ultrasound results, 1,146 were typed for GM allotypes, and 1,127 were typed for the KM locus.
Haplotype frequencies for the GM locus were estimated by an iterative maximum likelihood method that employed a likelihood function with 18 phenotypes and 6 haplotypes (Li, 1976) . Variances for the haplotype frequencies were taken from the variance-covariance matrix. The variancecovariance matrix is the inverse of the information matrix and was also constructed by using the method of Li (1976) . Frequencies for the KM locus were calculated by using the square-root method.
Pooled estimates of genetic admixture were based on eight markers-six at the GM locus and two at the KM locus. These admixture estimates were calculated by an iterative weighted, leastsquares method that was first suggested by Elston (1971) and later modified by Long and Smouse (1983) . The method requires that the parental populations and the hybrid be well characterized at a set of genetic loci. After one allele is dropped from each locus, the remaining marker frequencies for all loci for parental and hybrid populations are incorporated into the appropriate matrices for the analysis. The method is a weighted procedure, because a variance-covariance matrix of hybrid allele frequencies, which is constructed from the parental frequencies and the estimates of admixture for the current iteration, is used as a weight in the least-squares algorithm. Detailed descriptions for performing the iterative weighted, least-squares calculation of the proportions of genetic admixture and their variances have been published and were followed in the present analysis of the association of genetic admixture and gallstone disease (Long and Smouse, 1983; Long, 1991) .
Allele frequencies for the three parental populations, European, Native American, and African, were taken from published reports (Steinberg and Cook, 1981; Williams et al., 1985) . Each haplotype frequency represents a weighted average in which the sample sizes are the weights. For the African parental group, a second weight was used that reflected the proportion of persons who originated from a particular geographical region in Africa from which the sample was drawn.
Details of these weights and the studies included in the parental frequencies as well as maximum likelihood and weighted, least-squares models are available from the authors (R.C.W.).
Other risk-factor information
Age, sex, body mass index (BMI), acculturation, and diabetes were examined as potential confounders of the relationship between gallbladder disease and genetic admixture. Information on age, sex, and level of acculturation was gathered during interviews that were conducted at subjects' homes. Ages were dichotomized into two groups, with ages ranging from 20 to 39 years and from 40 to 74 years. Subjects were weighed and measured during physical examinations at Mobile Examination Centers, and BMI was calculated for each subject as weight in kilograms per squared height in meters as an index of obesity. BMI was then categorized by using NHANES II criteria for overweight as a cut-off (Najar and Rowland, 1987) : Overweight individuals were defined as men with BMI greater than 27.8 kg/, 2 or women with BMI greater than 27.3 kg/m 2 .
Oral glucose-tolerance tests were also administered at Mobile Examination Centers to subjects who had fasted overnight for 10-16 hours; following procedures recommended by the National Diabetes Data Group (1979) , fasting blood samples were drawn, a 75-gram glucose load was administered, and additional blood samples were collected 1 hour and 2 hours later for blood glucose measurement. Individuals were defined as having diabetes according to World Health Organization criteria (1985) or if they reported being told by a doctor that they were diabetic.
Statistical analysis
Admixture estimates were compared between those with and without gallbladder disease.
Differences in admixture proportions were tested by comparing 95% confidence intervals of the point estimates. Two proportions were considered different at the α = 0.05 level of significance if their respective confidence intervals did not overlap.
The possibility that the association between admixture and gallbladder disease could be confounded by age, sex, BMI, acculturation, and diabetes was evaluated by examining their relationships separately with admixture and disease. Associations between these variables and gallbladder disease were assessed by comparing means and distributions of these variables between those with and without the disease. Admixture estimates and 95% confidence intervals were compared across levels of each covariate in order to evaluate the association of each with admixture. Variables were considered confounders if they were found to be strongly associated with both disease and admixture.
All analyses were conducted for the sample without the use of sample weights. However, when weights were applied to the GM distribution, estimated haplotype frequencies did not differ, suggesting that selection into the sample was independent of GM phenotype and that results from weighted and unweighted sample data are unlikely to differ.
RESULTS
Among the 1,146 persons typed for GM allotypes who also had ultrasound of the gallbladder, the most frequent phenotype in the sample was GM A,F B0,G (n =360), with the presumed genotype GM*A G/*F B0,1,3 (Table 2 ). Also occurring with high frequency were phenotypes GM A G (n =268), GMFB0(n =162), and GM A,F,X B0,G (n = 110). Twelve GM phenotypes among 26 persons were ambiguous and did not fit the standard genetic model that was employed in this analysis (Table 3) . These phenotypes yield allotype linkage groups that are atypical and rare in the three parental populations for Mexican Americans. Of the 1,127 persons typed for the KM locus, 412 were positive for the KM*1 allotype, whereas 715 were not (Table 4) .
The GM phenotype distribution in Table 2 A total of 1,145 Mexican Americans with ultrasonography results and either nonatypical GM or KM phenotypic information were included in analyses on the association between gallbladder disease and admixture. Gallbladder disease was present in 156 patients, or 13.6% of the sample. Of these, 85 were found to have gallstones at time of ultrasound, and the remaining 71 had had previous cholecystectomy. Sociodemographic characteristics of the sample are shown in Table 6 .
Gallbladder disease patients, on average, were older and more overweight and included significantly higher proportions of women and persons with diabetes compared with noncases. The two groups were similar with respect to degree of acculturation.
Mean population admixture was estimated based on the markers shown in Table 5 . Estimates of admixture proportions for the entire study population and for cases and noncases separately are shown inTable 7. Proportions of genetic contribution from European, Native American, and African ancestry in the study population were 0.575, 0.390, and 0.035, respectively. Admixture proportions did not differ between cases and noncases. Gallbladder disease cases showed slightly lower proportions of Native American admixture and slightly greater proportions of European and
African admixture The estimate of Native American admixture was 0.359 for cases and 0.396 for noncases, for a difference of only 0.037. However, confidence intervals for all estimates overlapped between the two groups. Estimated admixture proportions were also similar across levels of all other covariates of interest, including those that showed strong associations with gallbladder disease (Table 8) .
DISCUSSION
This study found that proportionate genetic contributions to this Mexican American sample were 0.575, 0.390, and 0.035 from European, Native American, and African ancestries, respectively.
There was no difference in mean population admixture proportions between cases with gallbladder disease and noncases. These results do not provide support for the hypothesis that greater Native
American admixture is associated with greater prevalence of gallbladder disease. Admixture was also unrelated to being overweight, to diabetes status, and to level of acculturation in this population.
Although our study failed to find evidence of association between gallbladder disease and Native American admixture as a proxy for genetic susceptibility, these results cannot eliminate the possibility that gallblad der disease is genetically mediated or that susceptibility differences contribute to differences in prevalence across populations. It is possible that no genetic difference could be detected between those with and without gallbladder disease because of the decay of genetic disequilibria over time; with random mating over several generations, admixture and susceptibility genes may have become distributed more uniformly in the Mexican American population, such that, over time, one has ceased to be a good proxy for the other. In addition, because participants were identified through self-reported ethnicity, the Mexican Americans in the HHANES sample may not be representative of the larger population; possibly, those with more European admixture were less likely to report themselves as Mexican American, resulting in a biased selection of study participants. The lack of a detectable difference in admixture may also be due to uniformly high exposure to nongenetic factors that increase risk regardless of genotype, such as low intake of fiber. Indeed, it should be emphasized that, regardless of the role of genetic susceptibility in gallstone occurrence, nongenetic factors cannot be ignored as major determinants of the disease.
Three previous studies have examined the relationship between Native American genetic admixture and gallbladder disease. All measured individual-level rather than population-level admixture. In a study that was conducted in the Pima Indian population, Knowler et al. (1984) found higher prevalences of clinically diagnosed gallbladder disease in individuals reporting greater proportions of Native American ancestry, although there was no consistent increase in prevalence with increasing proportion of Native American heritage. Hanis et al. (1986) , by using 16 polymorphic genetic markers to measure individual admixture in a population of Mexican Americans, found a near-significant trend of higher prevalence of gallbladder disease with greater proportion of Native American alleles only among women 15-44 years of age; however, there was no apparent shift in the distribution of individual admixture estimates toward greater Native
American admixture. In another study on Mexican Americans, Mitchell et al. (1993) measured admixture based on reported ancestry, skin reflectance, and 18 polymorphic genetic markers and found that only in women did those with the greatest Native American admixture have higher gallbladder disease prevalence consistently across all three measures of admixture.
Although the findings of the three studies are suggestive of an association of gallstones with Native American admixture, the numbers of individuals at certain levels of admixture are small in two of the studies (Hanis et al., 1986; Knowler et al., 1984) , making prevalence estimates at those levels somewhat unstable. Furthermore, in none of these studies were subjects systematically examined by cholecystography or ultrasonography; thus, persons with asymptomatic gallstones were not ascertained. In contrast, in the HHANES over half of the gallbladder disease cases had asymptomatic gallstones.
Measurement of individual-level admixture may also have been imprecise, especially in the Mexican American populations. Although reported ancestry has been shown by Williams et al. (1986) to be highly correlated with admixture estimates in Native American populations, its usefulness in Mexican American populations may be more limited, because admixture in the Mexican American population probably occurred in the distant past and was followed by many generations of random mating: Thus, reported ancestry based on number of Mexican-origin grandparents (Mitchell et al., 1993) may not reflect the degree of Native American heritage or, accordingly, genetic susceptibility. Admixture estimates for individuals based on genetic markers are also of limited usefulness unless data on a large number of informative loci are available (Hanis et al., 1986; Williams, 1994) .
In these analyses, information from the HHANES also allowed for assessment of potential confounding by other factors, including age, sex, overweight, diabetes, and level of acculturation.
Although several of these factors were associated with gallbladder disease, none appeared to be related to admixture. Previous studies on Mexican Americans in San Antonio, Texas found some evidence of an association of Native American admixture with obesity and diabetes Gardner et al., 1984; Mitchell et al., 1993) . However, their findings are not entirely conclusive. Although Chakraborty et al. (1986) found a high rank-order correlation between admixture and prevalence of diabetes, the distribution of individual admixture estimates was similar between cases and controls. Mitchell et al. (1993) found consistently elevated prevalence ratios for both obesity and diabetes comparing Mexican Americans with the most Amerindian admixture to those with the least; however, this was true only for women, and it was unclear whether there was a consistent trend of higher prevalence with greater admixture. No clear association of admixture with diabetes was found in another study of Mexican Americans in Starr County, Texas (Hanis et al., 1986) .
Our findings differ from previous studies that have found greater Native American admixture with lower level of acculturation and of socioeconomic status (SES) in Mexican Americans in San Antonio, Texas Mitchell et al., 1993; Relethford et al., 1983) . In these studies, residence in a barrio, in a transitional neighborhood, or in an almost exclusively white suburb was used as a surrogate measure for level of acculturation and SES, with barrio residence representing the lowest level of both acculturation and SES. The disparity between our results and results from the San Antonio studies may be attributable to the different methods used to select Mexican American study participants. Whereas the present study recruited a more restricted population of self-identified Mexican Americans, the San Antonio study relied on algorithms based in part on parents' surnames and birthplaces . Clearly, definition and identification of Mexican Americans remain problematic in studies focusing on this ethnic group.
In addition to the availability of information on other covariates to assess potential confounding, the present study also had the advantage of using data on a relatively large, broadbased Mexican American population from the HHANES. Moreover, a primary strength of this study is that all cases of gallbladder disease were diagnosed by using ultrasonography, whereas previous studies of Mexican Americans could identify only clinically diagnosed or symptomatic gallstones; thus, asymptomatic individuals were included in the case population, minimizing misclassification of disease status.
Analyses were conducted without taking into account the complex sampling design of the HHANES, in which multiple individuals could be sampled from one household. However, because the survey chose related individuals from the same household, the results would have been expected to be biased toward finding an association of gallbladder disease with admixture because of the shared environment. Moreover, ignoring the clustering in the sample design would have resulted in an underestimation of variance in our estimates. In our analyses, therefore, taking the sample design into account would have produced 95% confidence intervals that overlapped even more and would not have altered our conclusions. In addition, although there is potential variation between households with respect to degree of relationship among sampled individuals, we had no reason to expect this degree of relationship to vary by disease status and, therefore, to bias our results.
A limitation of the study is that admixture estimates could be derived for the population only, thus not permitting inferences at the individual level. The study also may be limited by the relatively small number of markers used. However, given the large differences between parental allele frequencies for some markers in the GM and KM Ig systems, use of these highly informative and powerful markers should lead to reasonably stable estimates of admixture for this population.
Indeed, the GM system has been used successfully to estimate population-level admixture in previous research (Knowler et al., 1988; Williams et al., 1986 Williams et al., , 1992 .
Future research on admixture-disease associations would benefit from the use of other markers for admixture measurement at an individual level. DNA microsatellites or short tandem repeats (STRs), for example, are potentially useful as markers because the number of repeats at a given locus is so variable (Deka et al. 1995) . Moreover, the relative convenience and speed of characterizing large numbers of DNA micro-satellite markers could allow for more precise estimation of admixture for individuals. Future work could also focus on identifying other genetic markers of disease susceptibility. For example, one recent study on the HLA antigen system found a modest association with cholesterol gallstones, specifically when the cases were limited to those with a family history of the disease (Papasteriades et al., 1990) . In general, however, attempts to link gallstones with specific genetic markers have not produced striking findings.
In conclusion, this study found no evidence for the hypothesis that greater Native American admixture proportion is associated with higher prevalence of gallbladder disease in Mexican
Americans. Possible explanations for the finding that Native American admixture proportions did not differ between cases and noncases remain to be explored. Improving our understanding of the measurement and use of genetic admixture as well as of its limitations will increase its usefulness as an epidemiologic tool. When they are used in genetic epidemiology studies, measurement of admixture have the potential to help explain the apparent excess in prevalence of gallbladder disease in Mexican Americans as well as contribute to current understanding of the distribution of the disease across populations.
